Cycling assessment to increase performance during sport training is an important issue. In this article presents a wireless sensor network including multi-sensing channels for dynamic and cinematic measurement during cycling training. The Smart Mountain Bike is a system that includes the bicycle and the associated sports equipment, such as gloves, shoes and chest strap. The system is characterized by sensing channels as part of wireless sensor network which base station is expressed by embedded computer and a 3G/UMTS shield which permit the data communication with a cloud server. The data stored on the server is accessed through a mobile application that analyzes and correlates all user information and allows data visualization with a friendly graphical interface.
INTRODUCTION
Mountain bikes are typically ridden on single track trails and other unpaved environments. These types of terrain commonly include rocks, loose gravel, roots, and steep grades (both inclines and declines) which demands a continuously adaptation from the rider aiming to achieve a tiny balance between speed and safety. Mountain bikes are built to handle this terrain and the obstacles that are found in it like logs, vertical drop offs, and smaller boulders. Along the trail the rider controls the bike through the hands, feet and body positioning. Thus going down a track in mountain bike demands a close interaction between rider and bicycle which is highly constrained by external factors such as the track slope and obstacles. It is that interactive behavior between bicycle and rider that we aim to capture, using IMU and force sensors as part of wireless sensor network (WSN). For that purpose on a first stage data collection is performed using the following variables: i) braking intensity; ii) braking frequency; iii) pedal strength; iv) rider body positioning; v) bicycle oscillations on the three plans of motion. These variables allow calculate coordinative variables to describe rider -bicycle interactions.
Training is critical to the performance of any athlete, whether professional or recreational. The "Smart Mountain Bike" system will allow recreational practitioners, as well as athletes and their respective coaches to obtain new performance data and consecutively adapt the training methods and improve sports performance.
II. RELATED WORK
Cycling is a complex physical activity that involves a broad set of movements. This movement can be studied using instrumented bikes [1] . The placement of sensors on the bike parts and equipment allows us to collect other information such as the applied force and accelerations. This type of study allows the creation of models that describe the movement and balance. Research in this field especially related to analysis of synchronous braking on a bicycle are reported in [2] .
In recent years, advances in wireless sensor networks (WSN) have facilitated the use of these networks for monitoring applications, and there are some low-cost frameworks used as [3] , [4] . One of the areas on the rise is the monitoring of indoor [5] and outdoor [6] environmental conditions, and other area is the monitoring of the human body in various disciplines such as health monitoring [7] or analyzing sports performance [8] .
Another expanding area is communication Machine-to-Machine (M2M) [9] , [10] mainly due to mass use of the Internet and the ability to connect new devices to the network, this leads us to the evolution of the Internet of Things (IoT) and the creation of new opportunities and challenges [11] . In is scenario, Cloud Computing [12] is a new paradigm that provides computing power, storage and software services and a scalable virtualized manner.
Joining WSN and Cloud Computing, the Sensor-Cloud architecture arises. This architecture allows to store and process the sensor data in accessible form, available timely, and costeffective [13] [7] . It also allows easier integration with new mobile devices like tablets or smartphones through customized mobile applications that can collect process and display all sensor data.
Currently thousands of mobile applications are placed on the market every day [14] , some of these apps are related to the use of bicycles and cycling but, most of these only collect information via mobile phone modules (GPS, accelerometer and gyroscope) and in some cases also through a Bluetooth external heartbeat sensor [15] .
In this context, the paper presents a system that collects data on cycling activity through a WSN sending the primary processed data via M2M communication, stores them in the cloud, and analyzes them through a mobile application. The "Smart Mountain Bike" system consists of three blocks (Fig. 1 ). The first, called Bicycle and Rider consists of a wireless sensors network where sensors are placed on sports equipment such as gloves, shoes, chest strap and bicycle frame. Each of the end nodes have a ATmega328P microcontroller to make the acquisition and processing of primary data, this is then sent to the network core that consists of an embedded computer that handles the communication with the server that materialize the cloud. The second block consists of a server with a SQL database to ensure the storage of all information collected and to perform the advanced signal processing of the data. Finally, the data allocated on the server is accessed through a mobile application, developed for Android OS that analyzes and correlates all user information and allows data visualization through a friendly graphical user interface.
III. SMART MOUNTAIN BIKE: OVERVIEW

IV. SMART MOUNTAIN BIKE: HARDWARE
The WSN hardware responsible for the acquisition, processing and delivery of data to the cloud are force sensors, inertial measurement units including 3G accelerometer [16] , microcontrollers [17] and embedded computer [18] .
Figure 2 -Sensors and Microcontroller nodes
A. Sensors and conditioning circuits 1) Force sensors
The used force sensor (Figure 3 ) is expressed by a flexible piezoresistor sensor that is used as part of a voltage. When the force sensor is unloaded, its resistance is very high the output of conditioning circuit being zero while when a force is applied to the sensor, the sensor resistance decrease [19] . These sensors are used in gloves and shoes to measure the force applied to the brakes and pedals respectively. The conditioning circuit is presented in Figure 4 . The conditioning circuit output voltage is given by::
where, the parameters in equation (1) Referring to the used flexiforce sensors to measure the force on the impact points during the breaking actions mechanical adaptation embedded on the gloves were developed the performance on force measurement being underlined in the results of the papers.
2) Inertial measurement unit
IMU, is an electronic device that measures and reports velocity, orientation, and gravitational forces, using a combination of accelerometers, gyroscopes and magnetometer. The Pololu MinIMU-9 v3 used ( Figure 5 ) is a compact board that combines ST's L3GD20H 3-axis gyroscope and LSM303D 3-axis accelerometer and 3-axis magnetometer to form an inertial measurement unit (IMU). The nine independent rotation, acceleration, and magnetic readings (sometimes called 9 Degrees of Freedom) provide all the data needed to make an attitude and heading reference system (AHRS). AHRS consists of sensors on three axes that provide heading, attitude and yaw information.
These sensors are attached to the chest strap and measure the upper body motion. Attached to the bicycle frame, it permits to monitor bicycle oscillations on the three plans of motion. The IMU, L3GD20H's gyro and the LSM303D's accelerometer and magnetometer can be queried and configured through the I²C bus. Each of the three sensors acts as a slave device on the same I²C bus.
B. Embedded systems
The ATmega328P is a high-performance Atmel picoPower 8-bit AVR RISC-based microcontroller. This device achieves throughputs approaching 1 MIPS per MHz, balancing power consumption and processing speed [17] .
Each microcontroller is responsible for the acquisition of sensor data (Figure 2) , primary processing and communication of data to the network coordinator. The communication between the network nodes is done through a network Zig Bee, for that we have an XBee® 802.15.4 [20] module coupled to each microcontroller and to the embedded computer. IEEE 802.15.4/ ZigBee sensor network support low power consumption and node expansion compared to other network standards for WSN [21] .. As can be seen in the Figure 6 , the network has a star topology, in which the embedded computer placed in bicycle frame represents the WSN coordinator. End nodes placed in shoes, chest strap and gloves.
C. Embedded computer
The central network node located in the bicycle frame it is materialized by an embedded computer BEAGLEBONE Black with a 1GHz AM335x ARM® Cortex-A8 processor from Texas Instruments Incorporated [18] . It also has a GPS / GPRS Cape that adds GPS and GSM/GPRS capabilities to the BeagleBone for tracking and M2M communication. The cape uses the Telit GE864 module and supports the Quad band GSM/GPRS (850MHz, 900MHz, 1800MHz and 1900MHz). Coupled to the embedded computer is also an IMU (IV.A.2) for measurement of bicycle frame oscillations on the three plans of motion.
V. SMART MOUNTAIN BIKE: SYSTEM SOFTWARE
Referring the software components several components are mentioned: the embedded microcontroller and microcomputer software, the database software that handles requests to the database and the mobile device software.
A. Embebbed software for microcontroller
The microcontroller is programmed using C compiler language and several Arduino libraries. The used data acquisition rate is 20samples/s. Depending on the type of sensor have different ways of collecting and processing the data are mentioned:
• In the case of force sensors, Vout (1) is the read voltage at the analog input pin and its value (between 0 and 1023 due to analog-to-digital converter) is converted to a value of strength in Kg [22] . This conversion is expressed by the equation (2):
The F(Vout) conversion in SI force units is given by (3):
‫ܨ‬ሺܸ‫ݐݑ‬ሻሾܰሿ ൌ ‫‪݃ሿ‬ܭ‪ሻሾ‬ݐݑܸ‪ሺ‬ܨ‬ * 9.8 ሺ3ሻ
• In the case of the IMU, the L3GD20H and LSM303D each have separate slave addresses on the I²C bus. Pololu has written a basic L3GD20 and LSM303 Arduino library that allows the reading of the gyroscope, accelerometer and magnetometer registers therefore there is not necessary additional calculations in the microcontroller.
The processed data is sent to the central node of the WSN with its identifier.
B. Microcomputer embebbed software
The microcomputer runs an Angstrom Linux operating system and is programmed using node.js and bonescript library.
This module gathers information from the IMU, GPS module and all other nodes in WSN, and establishes communication to cloud, to write the data in the database.
C. Cloud software
In the cloud we have two modules, SQL server with database and a module for PHP functions.
The database stores all the information about the user and his training, we have implemented the following model ( Figure  7 ). The login activity connects to the server and checks if the user exists and entered the credentials correctly, if "login done" starts a new activity that shows the user data through according with the collected information about training.
This information includes braking intensity data and frequency braking in each hand; pedal strength for each foot; rider body positioning and 3D bicycle oscillations.
The user can visualize the information for each training session by selecting one from the list, this selection will start a new activity that shows three tabs:
• Data Tab -This tab displays the data analyzed through graphs and also allowing the user to view detailed information about the raw data corresponding to the graph.
• Map Tab -This Tab allows the user to see the route of the train and points of interest, such as zone of maximum and minimum speed. A satellite view of the map is made using the API provided by google, called Google Maps Android API v2 [23] .
• Video Tab -This Tab allows the user to see the YouTube video (if recorded) after the user enters the ID of the video in the application. The video view is made using the API provided by google, called YouTube Android Player API [24] .
VI. RESULTS
For the tests of the individual nodes and WSN, an application was developed in Java using Processing. This application runs on a PC with an XBee Explorer that receives all the information of network nodes placed in shoes and gloves (Figure 9 ), and allows their visualization in real time as well as its storage in a file that can later be analyzed in a spreadsheet application such as Excel.
Figure 9 -Shoe and Glove force sensors
The prototype is still being assembled but we have collected some exemplar data. Exploratory data collection was performed using force sensors in right foot and right hand.
Figure 10 -Force evolution while rider is mounted on the bike testing variations in horizontal slope
Data collection was performed with the rider on the bike, and varying the bike inclination on the sagittal plan of motion under three conditions: i). bike with upright position; ii) bike tilted to the right; iii) bike tilted to the left.
The following data chart display rider behavior with the bike stopped in upright position. Due to no brakes action the red line remains with values close to 0. It is worth noting that due to the rider behavior to maintain a stable position on the bike the sensors from both feet capture fluctuations in the force produced. The results correspond for the rider sitting on the bike and the right hand on the brake, testing multiple braking action. Data display the magnitude and frequency of several force peaks which correspond to the different braking events. The mobile application is still in development but already has some active features, such as geographic information system ( Figure. 13) and an embedded YouTube video player (Figure 14) . Some tests are being done to determine what the best type of chart to display the information collected and analyzed. In Figure 15 , we have an example of a pie chart on the use of brakes, comparing the left hand with the right hand. Figure 15 -App chart type test, hands usage information VII. CONCLUSIONS AND FUTURE WORK In the paper the general architecture hardware and software of smart mountain bike prototype is presented including elements of WSN for force, direction acceleration measurement during the training session. An appropriate database model was considered and presented. Elements of the trainer system interaction based on mobile application are also presented. Force acceleration data acquired from different training session are used to calculate the training parameters that may include the force and breaking frequency. Extended tests are parts of the ongoing work.
